Introduction
Fluorescent Melting Curve Analysis (FMCA) is a technique through which non-specific fluorescent DNA dyes can be used to recognise an individual DNA product (Wittwer & Kusukawa, 2004) . The thermodynamic stability of double strand DNA (dsDNA) is dependant on both its length and its base pair composition (Wittwer et al., 1997a; Ririe et al., 1997) and is most commonly used as a closed tube technique to ensure the specificity and quality of the PCR sample amplified. However, the melting curve method can be used to detect single nucleotide polymorphisms (SNPs) (Gundry et al., 2003) and mutations associated with genetic diseases such as cancer (Bernard & Wittwer, 2002) .
When combined with appropriate primer/probe selection melting curve analysis becomes an important tool in multiplex PCR (Hernandez et al., 2003) . Melting analysis has been performed on volumes as low as 10nl using a custom microfluidic platform (Sundberg et al., 2007) .
Since the Micro Total Analysis System (µT AS) concept was first proposed (Manz et al., 1990) , a number of technologies have undergone miniaturisation from desktop to 'lab on a chip'. Among these technologies have been the thermocyclers associated with the PCR process. Well-based PCR thermocyclers aimed at µT AS applications have focused on reducing reaction size (Nagai et al., 2001) . Space-domain (flowing) PCR, where the reaction is moved between zones of fixed temperature (Kopp et al., 1998; Schneegass & Kohler, 2001 ) has been of interest to many research groups due to its potential for rapid thermocycling, small reaction volumes and high-throughput processing.
Progress towards developing FMCA for use with flowing thermocyclers is ongoing. The application of a linear temperature gradient across a micro-fluidic substrate has previously been applied to micro-channel based systems (Mao et al., 2002; Dalton et al., 2005; Crews et al., 2008; Kinahan et al., 2008a) for DNA melting analysis. Denaturation temperature measurements made from surface bound DNA have previously been used to characterise microfluidic substrates (Dodge et al., 2004) .
In this paper, melting curve analysis is performed by pumping DNA in solution along a microfluidic channel. 
Biological Material
Two individual PCR fragments were amplified from E.
Coli plasmid vector pGEM-5Zf(+) (Promega). Two primer pairs were used. A 240bp sample was amplified using a forward primer of sequence 5'-AGG GTT TTC CCA GTC ACG ACG TT-3' and a reverse primer 5'-CAG GAA ACA GCT ATG ACC-3'. A 232bp fragment, was amplified using forward primer 5'-ATA CCT GTC CGC CTT TCT CC-3' and reverse primer 5'-CCT CGC TCT GCT AAT CCT GT-3'. Primers were acquired from MWG Biotech (Ebersberg, Germany). Samples were amplified using LightCycler Faststart DNA Master SYBR Green I reaction mix (Roche). Samples were thermocycled and a melting curve analysis performed using the Applied Biosystems AB7900 thermocycler. Samples were then frozen at −20 • C before use. Melting curves for samples acquired using the ABI7900 thermocycler may be seen in Figure 5 .
Experiment Design and Methods
The sample carrying channel used during experimentation is a transparent, disposable Teflon FEP tubing (Upchurch Scientific) with an outer diameter of approximately 800µm and inner diameter of approximately 400µm. The experimental setup is illustrated in Figure 2 .
Upon starting each experiment, the appropriate flow rate for the syringe pump is automatically calculated based on the user-selected ramp rate. The traverse velocity of the positioning stage is similarly calculated. The experimental conditions at which testing took place is outlined in Table 1 . In some cases the sample was aspirated back through the device and then re-tested.
In order to identify the actual denaturation temperature, t m , for each sample an analysis method was applied to the melting curves generated. Due to the inaccuracies present in the melting peak method of detecting DNA melting temperatures, particularly for noisy data, a method based on the technique outlined by Gundry
Effect of Substrate Thermal Resistance on Space-Domain Microchannel Fluorescent Melting Curve Analysis et al. (2003) 
Based on Bejan (1993) , Equation 2 presents the temperature variation across the fluid within the microchannel, ∆T (r),
where r the position on the radial axis measured from the centre-line, R the radius of the circular microchannel and α the thermal diffusivity of the working fluid kw ρwcw .
Equations 1 and 2 are more fully described in Kinahan et al. (2008b) and are supported using numerical simulation. In microchannel-based melting analysis Equations 1 and 2 describe a temperature offset which is proportional to ramp-rate, and which must be compensated for when making comparisons between different platforms. Similar effects were identified for well based melting platforms by Ririe et al. (1997) .
Results
The 240bp and 232bp DNA samples were tested under the operating conditions described in Table 1 
